Because of the mutagenic and/or carcinogenic properties, Polycyclic Aromatic Hydrocarbons (PAH), have a direct impact on human population. Consequently, there is a widespread interest in analysing and evaluating the exposure to PAH in different indoor environments, influenced by different emission sources. The information on indoor PAH is still limited, mainly in terms of PAH distribution in indoor particles of different sizes; thus, this study evaluated the influence of tobacco smoke on PM 10 and PM 2.5 characteristics, namely on their PAH compositions, with further aim to understand the negative impact of tobacco smoke on human health. Samples were collected at one site influenced by tobacco smoke and at one reference (non-smoking) site using low-volume samplers; the analyses of 17 PAH were performed by Microwave Assisted Extraction combined with Liquid Chromatography (MAE-LC). At the site influenced by tobacco smoke PM concentrations were higher 650% for PM 10 , and 720% for PM 2.5 . When influenced by smoking, 4 ring PAH (fluoranthene, pyrene, and chrysene) were the most abundant PAH, with concentrations 4600-21 000% and 5100-20 800% higher than at the reference site for PM 10 and PM 2.5 , respectively, accounting for 49% of total PAH (S PAH ). Higher molecular weight PAH (5-6 rings) reached concentrations 300-1300% and 140-1700% higher for PM 10 and PM 2.5 , respectively, at the site influenced by tobacco smoke. Considering 9 carcinogenic PAH this increase was 780% and 760% in PM 10 and PM 2.5 , respectively, indicating the strong potential risk for human health. As different composition profiles of PAH in indoor PM were obtained for reference and smoking sites, those 9 carcinogens represented at the reference site 84% and 86% of S PAH in PM 10 and PM 2.5 , respectively, and at the smoking site 56% and 55% of S PAH in PM 10 and PM 2.5 , respectively. All PAH (including the carcinogenic ones) were mainly present in fine particles, which corresponds to a strong risk for cardiopulmonary disease and lung cancer; thus, these conclusions are relevant for the development of strategies to protect public health.
Introduction
During last two decades public attention concerning the risks associated with poor indoor air quality has been growing. As people spent about 80% of their time in indoor ambiences (homes, schools, offices and restaurants), the exposure levels to harmful indoor air pollutants have been increasingly considered for the protection of human health. To asses those exposure levels, evaluation of the concentrations and distributions of indoor contaminants potentially toxic and/or carcinogenic is a matter of major importance.
In indoor environments a wide range of air pollutants are generated, some of them strongly associated with particulate matter (PM). Many epidemiological studies (Dockery and Pope, 1994; Brunekreef and Holgate, 2002; Trasande and Thurston, 2005) have shown a strong association between the exposure to PM 10 (particulate matter with aerodynamic diameter smaller than 10 mm) and the increase of morbidity and mortality rates. Size of particles is a particular important parameter as it determines the place of particle deposition in the respiratory systems (Gemenetzis et al., 2006) ; the smaller the particles, the deeper the penetration. The recent attention has been focused on PM 2.5 (particles with aerodynamic diameter smaller than 2.5 mm), because these small particles can penetrate in the deeper parts of the lungs, causing cardiopulmonary diseases and lung cancers. It is still not clear though, whether the physical properties of particles (size, area, number) accounts for the majority of the adverse health effects, as other PM properties, such as chemical composition, may also significantly contribute to PM health effects (Monn, 2001) .
Among the harmful pollutants Polycyclic Aromatic Hydrocarbons (PAH) were identified as priority pollutants, because they are extremely hazardous to human health. PAH are a group of widespread organic environmental pollutants containing two or more fused aromatic rings (Shibamoto, 1998) . Typically they are formed during incomplete combustions of organic materials such as coal, oil and gas (WHO, 1987) . The anthropogenic indoor sources of PAH include cooking and heating, but tobacco smoking is the most important (WHO, 2000; Ohura et al., 2004b) . PAH are ubiquitously found in water, soil and air, where they are portioned between vapour and particulate phases. Up to this date performed studies found (Liu et al., 2001; Menichini and Monfredini, 2001; Lu et al., 2008) that especially PAH associated with particulate phase are most harmful to humans, because they are the ones with highest molecular weights, and these are the most carcinogenic. Thus, synergetic effects of PM and PAH might be associated with higher exposure risks for human health. Many of the individual PAH are cytotoxic and mutagenic to both lower and higher organisms (WHO, 1998) , and some of them has been considered as probable and possible carcinogens to humans (IARC, 1983 (IARC, , 2002 (IARC, , 2008 .
Tobacco smoke is a complex mixture of gaseous components and particles of different sizes. Nearly 4800 components, including carcinogenic nitrosamines, have been identified in tobacco smoke (Rogman and Perfetti, 2006) as well as 549 PAH (Thielen et al., 2008 ) that were overwhelmingly found in particulate phase (Bi et al., 2005; Morrical and Zenobi, 2002) . Undoubtedly, active tobacco smoking has been linked to several lung and heart diseases and to cancers of various organ systems, being the leading cause of preventable death. However, passive smoking, i.e. exposure to environmental tobacco smoke (ETS), has also become an important health issue, being considered by IARC carcinogenic to humans (IARC, 2004 (IARC, , 2008 . In Western countries, with an adult smoking prevalence of 30-50%, it is estimated that over 50% of homes are occupied by at least one smoker (WHO, 2000) , resulting in a high prevalence of ETS exposure. Young children, in particular who spend most of their time at home, are at increased risks for even greater exposures to tobacco smoke if their mothers smoke; it was estimated that ETS exposure in home increases the risk of developing asthma by 40-200% (Bernstein et al., 2008) .
Because of the mutagenic and/or carcinogenic properties, PAH have a direct impact on human population. Consequently, there is a widespread interest in analysing and evaluating the exposure to PAH in different indoor ambiences influenced by different emission sources. Nevertheless, the knowledge on indoor PAH is still very limited mainly due to the complex nature of the influencing sources. Aiming a further understanding about the impact of tobacco related particulates on public heath, this study evaluated the influence of tobacco smoke on PM 10 , PM 2.5 characteristics, namely on their PAH composition. The specific objectives of this work were to study the influence of tobacco smoke on the characteristics of PM 10 and PM 2.5 , considering: (1) PM concentrations and size distributions; and (2) carcinogenic PAH composition.
Methods
The monitoring of PM 10 and PM 2.5 was simultaneously conducted during winter 2008 at two places situated in Paranhos district of Oporto city in Portugal: one home directly influenced by tobacco smoke (Ts), and one home not influenced by tobacco smoke (reference site Rf). The sampling was conducted for 30 consecutive days at both sites. Aiming to avoid dissimilar influence of outdoor PM, which commonly penetrate indoor (Ohura et al., 2004a; Martuzevicius et al., 2008) , both monitoring places were selected in the same block of apartments, and on the same floor. The details of both places, such as location, number of occupants during sampling, as well as other characteristics (presence and usage of electronic and cooking devices, cleaning activities, and room ventilation) are shown in Table 1 . Mechanical ventilation did not exist at both monitoring sites so natural ventilation was provided by opening windows as occupants thought necessary. During the monitoring the occupants of both places kept detailed diaries of all activities for further observation.
PM 10 and PM 2.5 were sampled each day for periods of 12 h, using TCR TECORA Bravo H2 constant flow samplers, combined with PM 10 and PM 2.5 EN LVS sampling heads in compliance with the norm EN12341. A sampling air flow rate of 38.3 L min À1 was applied.
Inlets were placed 1.5 m above the floor (in order to simulate human breathing zone) and minimally 1 m from the walls, without obstructing the normal usage of the rooms. PM 10 and PM 2.5 were collected on polytetrafluoroethylene (PTFE) membrane filters with polymethylpentene support ring (2 mm porosity, Ø47 mm, SKC Ltd).
PM masses were determined gravimetrically by subtracting the initial average mass of the blank filter from the final average mass of the sampled filter. The filters were stored in Petri dishes and the same analytical balance (Mettler Toledo AG245 with reading accuracy of 10 mg) was always used. Before sampling, the steps of gravimetric mass determinations were the following: 24 h to equilibrate filters before weighing at room temperature (20 AE 2 C) and at a relative humidity of 50 AE 5%, followed by weighing during the following 24-48 h. If the measurements of each sample differed more than 50 mg, they were discarded and the filters repeatedly weighed until three reproducible values were obtained. After sampling filters were immediately weighed to limit any loss of volatile PAH components, stored in Petri dishes covered with parafilm, and kept in freezer (À18 C) until they were further analysed.
The average indoor temperature was 18 AE 2 C at the site influenced by tobacco smoke and 17 AE 2 C at the reference site. Such low temperature conditions indoors are not unusual in Portugal as apartments do not commonly have central heating systems. For colder seasons additional electrical heaters are used but due to their low heating efficiencies and high costs associated with the respective electrical consumptions many households use them scarcely. For further descriptions of the monitoring sites, the average CO 2 levels were also measured (Accuro Gas Detector Pump ARNM-F002 supplied by Dräger Sicherheitstechnik GmbH, Germany), ranging from 350 AE 150 ppm to 800 AE 250 ppm at the reference and smoking site, respectively.
For the data treatment, the Student's t-test was applied to determine the statistical significance (P < 0.05, two tailed) of the differences between the determined means.
Dibenzo [a,l] pyrene (6 rings, estimated to have a carcinogenic potency approximately 100 times higher than benzo[a]pyrene) and more 16 PAH identified as priority pollutants by USEPA (Shibamoto, 1998) were determined in PM 10 and PM 2.5 : naphthalene (2 rings), acenaphthylene (3 rings), acenaphthene (3 rings), fluorene (Castro et al., 2009 ). PTFE filters with PM 10 and PM 2.5 were transferred to the glass extraction vessels and 30 mL of acetonitrile (Sigma-Aldrich) was added to each filter. The MAE of both PM 10 and PM 2.5 was performed for 20 min at 110 C (MARS-X 1500 W Microwave Accelerated Reaction System for Extraction and Digestion, CEM, Mathews, NC, USA), the extracts were then carefully filtered through a PTFE membrane filter (0.45 mm) and reduced to a small volume using a rotary evaporator at 20 C. A gentle stream of nitrogen was used to dry the extracts under low temperature; the residue was then re-dissolved in 1.0-4.0 mL of acetonitrile, according to the masses of particles the residues were obtained from.
Extracts were analysed using a Shimadzu LC system (Shimadzu Corporation, Kyoto, Japan) equipped with a photodiode array SPD-M20A (PAD) and fluorescence RF-10AXL (FLD) detectors on line. A mixture of water and acetonitrile was used as the mobile phase with a flow rate of 0.8 mL min
À1
. The initial composition of this mobile phase was 45% of acetonitrile and 55% water (ultra-pure grade) and a linear gradient to 100% of acetonitrile was programmed in 15 min, with a final hold of 7 min. Initial conditions were reached in 3 min and maintained for 10 min before next run; the total run time was 35 min.
Each Each analysis was performed at least in triplicate. All materials used for MAE-LC analysis were regularly cleaned in acetone (Fluka, commercial grade), and hexane (supplied by Valente & Ribeiro, commercial grade).
The overall analytical procedure was previously validated by systematic recovery experiments using the standard reference material 1650b ''Diesel particulate matter''. Under the microwave-assisted extraction conditions, PAH were extracted from particulate matter with recoveries ranging from 81.4 AE 8.8% to 112.0 AE 1.1%, for all the compounds except for naphthalene (62.3 AE 18.0%) and anthracene (67.3 AE 5.7%). Regarding the reproducibility of the optimised methodology, expressed as relative standard deviation, values were lower than 9% for all the targeted contaminants except for naphthalene (18%). Limits of detection (LODs) and limits of quantification (LOQs) were calculated and expressed as PAH concentration in solution (mg L
) and in air samples (Castro et al., 2009) 
Results and discussions

PM 10 and PM 2.5 masses
The means and other statistical parameters of PM 10 and PM 2.5 at the site influenced by tobacco smoke and at the reference site are summarized in Fig. 1 ) for PM 10 and PM 2.5 . The statistical analysis of these results indicated that: i) PM 10 and PM 2.5 concentrations were significantly higher at the site influenced by tobacco smoke than at the reference one; and ii) PM 10 and PM 2.5 means were not significantly different at the site influenced by tobacco smoke and at the reference one, demonstrating that most of PM 10 fraction was composed by fine particles. The results showed that tobacco smoke emissions strongly increased concentrations: 650% for PM 10 and 720% for PM 2.5 . In general, tobacco smoke increased PM concentrations (Saliba et al., 2009 ), this increase being higher for particles of smaller sizes (Gemenetzis et al., 2006; Lindgren and Norbäck, 2002) . According to some authors, tobacco smoke particles could remain indoors even for low smoking rate (Paoletti et al., 2006) , but lower increases than those here reported were referred by Dermentzoglou et al. (2003) , where smoking increased . A possible explanation for these high increases in present study could be the little ventilation at site Ts, where occupants did not often open windows (Table 1) .
In order to study the relationship between different PM fractions, PM 2.5 /PM 10 mass concentration ratios were also analysed; the means of ratios and other statistical parameters are shown in Table 2 . The means of PM 2.5 /PM 10 ratios were 0.92 and 0.85 for smoking and reference sites, respectively, being significantly higher at the site influenced by tobacco smoke. Those ratios were similar to values previously found in indoor ambiences (0.95 and 0.85 for smoking and reference site, respectively, Slezakova et al., 2009), being considerably higher than those previously found outdoors in the same district area (0.77, Slezakova et al., 2007) . High values of PM 2.5 /PM 10 ratios indicate that indoor PM 10 were mostly composed of fine particles. Furthermore, at site influenced by tobacco smoke considerably lower than fine fraction. Therefore, at the smoking place the higher PM 2.5 /PM 10 ratios, the low PM 2.5-10 concentrations (in comparison with fine fraction) and the much higher PM 2.5 concentrations confirmed that tobacco smoke had determinant influence on the presence of smaller particles, as previously observed . Considering the strong influence of these small particles on cardiopulmonary diseases and lung cancer and aiming to efficiently reduce the exposure of tobacco smoke, Portuguese government has recognized the importance of this subject and issued the appropriate legislation (Lei n. 37, 2007), which prohibits smoking in public places. Still, the percentage of the smoking population in Portugal is 16.7% (population above age of 15 years), i.e. 22.8% and 11.2% for males and females, respectively (Marktest, 2008) , and the families of these smokers, especially the risk groups (infants, children and seniors) are still exposed to the harmful effects of secondhand tobacco smoke. Therefore, to further evaluate the exposure of tobacco smoke, the information about indoor PM concentrations is fundamental.
PAH compositions
PAH shown in Table 3 were detected in more than 95% of PM 10 and PM 2.5 samples collected at the smoking site, while acenaphthylene was detected in less than 10% of those samples, therefore detailed study of acenapthylene was not performed. The mean concentrations and other statistical parameters are presented in Table 3 . For the site influenced by tobacco smoke the results demonstrated that: i) for both PM 10 and PM 2.5 fractions, both the concentrations of each determined PAH and the total concentration of PAH (S PAH ) were significantly higher; ii) the levels of PAH with 2-3 rings (naphthalene, acenaphthene, fluorene, phenanthrene, and anthracene) were 600-5500% and 700-6000% higher for PM 10 and PM 2.5 , respectively; iii) the levels PAH with 4 rings (fluoranthene, pyrene, benz[a]anthracene, and chrysene) were 4600-21 000% and 5100-20 800% higher for PM 10 and PM 2.5 , respectively; iv) PAH with 5-6 rings (benzo [b] (Dermentzoglou et al., 2003) . Dibenz[a,h]anthracene (carcinogenic potency approximately 5 times higher than benzo[a]pyrene) was the most abundant PAH at the reference site for both PM (Table 3) , and its concentrations were considerably higher than those found elsewhere (Dermentzoglou et al., 2003) . In addition it was observed that concentrations of dibenz [a,h] anthracene at the reference site were much higher than those at the site influenced by smoking (48% and 46% higher for PM 10 and PM 2.5 , respectively). Similar trend was observed for dibenzo [a,l] pyrene, a highly carcinogenic PAH with potency two orders of magnitude higher than benzo[a]pyrene; despite its recorded existence in tobacco smoke particulate phase (Smith et al., 2003) , dibenzo [a,l] pyrene was absent at the site influenced by smoking, whereas it was found at the reference site, nevertheless being the least abundant PAH. For the period of indoor sampling, the outdoor concentrations of dibenzo [a,l] (Castro et al., 2009; Slezakova et al., in press ). These high outdoor concentrations probably contributed to the presence of those compounds at the indoor reference place, due to often ventilation (Table 1) there performed. As outdoor PM in this area was mainly originated from traffic emissions (Slezakova et al., 2007) , it should be remarked that when the protection of human health is aimed, traffic emissions should be specifically considered. However, it is necessary to point out that the possibility of dissimilar influence of the outdoor particulates at the both analysed sites is in contradiction with original assumption that both sites, being in the same district, floor and block of apartments would be similarly influenced by outdoor particulates. Despite the efforts done to minimise this, the different routines concerning ventilation (Table 1) seemed to be enough to justify the observed differences. At the site influenced by tobacco smoke PAH with 4 rings (namely fluoranthene, pyrene and chrysene) were the most abundant compounds in both PM fractions (Table 3) , with concentrations considerably higher than those of PAH with 5 and 6 rings. Among the low molecular weight PAH (2-3 rings) unusual occurrence was observed for fluorene and anthracene. Due to unknown reasons, the concentrations of fluorene in both PM were at the site influenced by smoking significantly lower than other low molecular weight PAH, being the least abundant compounds of all PAH. On the contrary, at both sites the concentrations of anthracene showed to be considerably higher than PAH with 2-3 rings (Table 3) , being at the smoking site the third most abundant compound of all PAH. In contradiction with the present results, previous publications have shown that particulate concentrations of phenanthrene were higher than those of anthracene in environmental tobacco smoke (Dermentzoglou et al., 2003) , in mainstream smoke (Kalaitzoglou and Samara, 2005) , and in a large range of indoor environments regardless of smoking (Mannino and Orecchio, 2008) . As far at it is known only one study reported higher levels of anthracene than of phenanthrene without further understanding of this occurrence (Li et al., 2005) ; however, these authors referred total indoor concentration in gaseous and particulate phases. In addition, majority of studies related to outdoor air also reported higher levels of phenanthrene than of anthracene for both PM 10 and PM 2.5 at various sites and seasons (Dallarosa et al., 2008; Wang et al., 2008; Mannino and Orecchio, 2008) . The higher levels of anthracene (than of phenanthrene) observed in Oporto both indoor and outdoor (Castro et al., 2009; Slezakova et al., in press) , could be probably due to some local specifications that require further investigation.
In order to evaluate the PAH profiles in PM, Table 4 presents the composition of PAH, calculated in relation to the total amount of PAH. It is clearly obvious that different composition profiles were obtained for smoking and reference sites, however, at each site composition profiles of both PM 10 and PM 2.5 were almost identical. At the site influenced by tobacco smoking, chrysene represented about 20% of S PAH in both PM (Table 4) , which was the highest percentage, followed by pyrene (13%), fluoranthene (10%) and benzo[a]pyrene (9%). These PAH were among the most abundant compounds in both PM (Table 3) and as their percentages were much higher at the smoking site than at the reference one, it was possible to conclude that tobacco smoking not only significantly increased the concentrations of PAH in PM, but it also influenced their composition profiles. In addition it was observed that PAH with 4 rings (fluoranthene, pyrene, benz[a]anthracene and chrysene) in PM accounted, respectively, for 49% and 7% of S PAH at the site influenced by tobacco smoke and the reference one. At the reference site, dibenz [a,h] anthracene compose 37% and 39% of S PAH for PM 10 and PM 2.5 , respectively, being significantly higher than the other PAH, and followed by indeno [1,2,3-cd] pyrene (13%), benzo[ghi]perylene (10% and 11% for PM 10 and PM 2.5 , respectively,) and benzo[b]fluoranthene (7.4% and 8.2% for PM 10 and PM 2.5 , respectively). The percentages of these compounds were similar to composition profiles of outdoor PM (Slezakova et al., in press); accordingly, several studies (Guo et al., 2003; Dallarosa et al., 2008; Wang et al., 2008) stated that these four compounds are indicators of traffic emissions, their high occurrence identifying traffic as the major PM source. Thus, it is possible to suggest that PM at the reference site was strongly influenced by outdoor PM. In addition to that it was observed that high molecular weight PAH (5 and 6 rings) were at the reference site the most abundant compounds, accounting for 76% and 81% of S PAH for PM 10 and PM 2.5 , respectively, and corresponding to concentrations of 6.75 ng m À3 and 6.35 ng m
À3
, respectively. These results were consistent with previous studies (Li et al., 2005) , confirming that infiltration of outdoor air is the main reason for the indoor prevalence of PAH with high molecular weight. In comparison to these results, high molecular weight PAH accounted at the site influenced by tobacco smoke only for 31% and 30% for PM 10 and PM 2.5 , respectively, but corresponded to the concentrations of 28.6 ng m À3 and 26.1 ng m
. According to other studies (Ohura et al., 2004b, Rogman and Perfetti, 2006) , these results showed that when tobacco smoke is the predominant source of PAH, the occurrence of PAH with higher molecular weight is lower compared to one of lower molecular weight; nevertheless, it is important to enhance that despite the lower proportions of high molecular weight compounds at the site influenced by tobacco smoke, their concentrations are 320% and 310% higher in PM 10 and PM 2.5 , respectively, than at the reference site.
To study the concentrations of PAH associated with PM of different sizes, the PAH concentrations in particles with sizes between 2.5 and 10 mm (PM 2.5-10 ) were calculated. Fig. 2 presents the mean ratios of the N a p h t h a l e n e A c e n a p h t h e n e F lu o r e n e P h e n a n t h r e n e A n t h r a c e n e F lu o r a n t h e n e P y r e n e B e n z [ a ] a n t h r a c e n e concentrations (expressed in mg g À1 ) in PM 2.5 versus PM 2.5-10 for the sites influenced by tobacco smoking and at the reference one. This figure clearly shows that at both sites all PAH exhibited ratios higher than 1, the highest values being observed for the site influenced by smoking (except for naphthalene and dibenz[a,h]anthracene). Thus, PM 2.5 was clearly the most important fraction for PAH, confirming the results shown in Table 3 . In addition it was observed that 96% and 98%
of S PAH present in PM 10 was in PM 2.5 at the site influenced by smoking and at reference one, respectively. In general, it may be concluded that tobacco smoke significantly increased the concentrations of both PM 2.5 and PM 10 ( Fig. 1) , however PAH were mainly present in fine fraction, thus confirming previous findings (Kavouras et al., 1998) .
Carcinogenic PAH compositions
To further understand the negative impact of tobacco smoke emissions on human health, the carcinogenic PAH were analysed with more detail. Among all the PAH analysed, naphthalene, benz [a] [1,2,3-cd] pyrene were reported as carcinogenic ones (possible, probable) and therefore were further analysed with more detail; dibenzo [a,l] pyrene was also included in this evaluation due to its high toxicity equivalent factor. Calculating the percentage of each carcinogenic PAH present in PM 10 that was contained in PM 2.5 , the results showed that at least 88% of each carcinogenic PAH present in PM 10 was found in PM 2.5 (Table 5) . Further analysis showed that the nine carcinogenic PAH represented 84% and 86% of S PAH in reference PM 10 and PM 2.5 , respectively, and 56% and 55% of S PAH for PM 10 and PM 2.5 at the site influenced by tobacco smoke, respectively. Despite the lower proportions of the carcinogenic elements at the site influenced by smoking, the total concentrations of those carcinogenic PAH were 780% and 760% higher in PM 10 and PM 2.5 , respectively, indicating the strong potential risk of tobacco smoke for human health.
Conclusions
The emissions of tobacco smoke increased PM concentrations, this increase being higher for particles of smaller sizes (650% for PM 10 and 720% for PM 2.5 ).
When influenced by tobacco smoke PAH with 4 rings, namely fluoranthene, pyrene, and chrysene, were the most abundant compounds with concentrations 4600-21000% and 5100-20 800% higher for PM 10 and PM 2.5 , and these compounds accounted for 49% and 7% of total PAH (S PAH ) at the smoking and reference site, respectively. The levels of low molecular weight PAH (with 2-3 rings) at the smoking site were, respectively, 600-5500% and 700-6000% higher for PM 10 and PM 2.5 , while PAH with high molecular weigh (5-6 rings) reached values 300-1300% and 140-1700% higher for PM 10 and PM 2.5 , respectively. Different distribution profiles of PAH in indoor PM were obtained for smoking and reference sites. Nevertheless, at each site distribution profiles of both PM 10 and PM 2.5 were almost identical. [a,l] pyrene) represented 84% and 86% of total PAH in reference PM 10 and PM 2.5 , respectively, and 56% and 55% in smoking PM 10 and PM 2.5 . Despite the lower proportions, the total concentrations of these nine carcinogenic PAH were at site influenced by tobacco smoke 780% and 760% higher in PM 10 and PM 2.5 , respectively, indicating the strong potential risk for human health. These carcinogenic compounds as well as other all PAH were predominantly present in fine particles.
